We sought to present a series of 13 pregnancy-associated spontaneous coronary artery dissection (P-SCAD), their angiographic and multimodal imaging findings, acute phase treatment, and outcomes.
Introduction
Non-atherosclerotic spontaneous coronary artery dissection (SCAD) is a rare cause of acute coronary syndromes, with an incidence of 0.1 to 4% of patients undergoing coronary angiography. 1 -5 The condition affects women more commonly than men, with .70% of cases occurring in young women of childbearing age. The relationship between SCAD and gestational and puerperal period varies among populations, ranging from 0 to 18% among all women with SCAD. 1 -5 In the largest and most recent cohort of patients thus far, among 168 patients with SCAD, 92.3% were female, and 2.4% occurred during the gestational period. 2 It is estimated that 1 in 16 000 pregnancies is complicated by acute myocardial infarctions, and up to 40% of such events can be attributed to pregnancy-associated SCAD (P-SCAD), 6, 7 occurring predominantly in late pregnancy or the early postpartum period. 7 -10 Although the aetiology of SCAD is poorly understood, it is interrelated with other factors including connective tissue disorders such as fibromuscular dysplasia, Marfan syndrome, Ehlers -Danlos syndrome type IV, and Loeys-Dietz syndrome; vasculitis such as systemic lupus erythematosus, polyarteritis nodosa, and sarcoidosis; extreme physical and emotional stress; and cardiac stress factors such as abuse of appetite suppressants and the use of cocaine. 2,11 -14 Prior investigations have suggested that pregnancy or postpartum state should be considered an isolated risk factor for SCAD due to increased volemia and cardiac work with increased arterial shear stress, impairment of collagen synthesis, and pro-thrombotic status due to the increase of hormones during pregnancy. 7, 9 Studies of SCAD in the gestational and puerperal period are scarce and predominantly restricted to reports of isolated cases that offer little information about the condition's long-term clinical outcomes. 8,9,15 -20 Furthermore, the increasing use of fertilization techniques and pregnancy in women of advanced age combined with increasingly accurate diagnosis of SCAD may lead the correlation between SCAD and the peripartum period to increase over time. We therefore report a large series of 13 P-SCAD cases and emphasize the roles of angiography and other adjunctive imaging modalities on diagnosis, acute phase treatment, and outcomes.
Methods
The cases presented here were retrospectively collected from a database of 11 tertiary hospitals in which patients developed SCAD during the peripartum period between 2005 and 2015. Angiographic diagnosis of P-SCAD was established by agreement of two experienced interventional cardiologists (J.R.C., A.C.). P-SCAD was categorized according to the angiographic classification of Saw 21 as follows: Type 1, contrast dye staining of the arterial wall with multiple radiolucent lumens (the pathognomonic angiographic appearance of SCAD); Type 2, an abrupt change in arterial calibre with demarcation from normal diameter to diffuse narrowing; and Type 3, in which SCAD mimics atherosclerosis. In the latter type, intravascular imaging is mandatory to confirm the presence of SCAD. The ethic committee of each institution waived the need of informed consent based on the retrospective nature of the study.
Results
SCAD presentation and mortality Table 1 summarizes the patient demographic and procedural characteristics. The mean age of patients was 33.8 + 3.7 years, the mean number of pregnancies was 1.8 + 0.7, and the mean number of deliveries was 1.7 + 0.8. Ten (77%) patients had no risk factor for coronary artery disease; one patient had gestational diabetes, one patient had dyslipidaemia, and one patient had systemic arterial hypertension. None of the patients smoked during pregnancy, and only one had a history of prior smoking. No patients had a history of collagen or vasculitis-related disorders. Renal and iliac coronary computed tomography angiography (CCTA) were not routinely performed to exclude fibromuscular dysplasia. There were 10 caesareans and 3 vaginal deliveries. Potential precipitating factors were identified as breastfeeding and delivery stress in two cases. SCAD occurred during the puerperium in 12 (92.3%) patients after a median time of 10 days (minimum 2, maximum 30) postpartum. Only 1 (7.7%) patient presented with SCAD at the 37th week of pregnancy; she was the only patient who died in this case series. She was admitted to the emergency department with ST elevation in anterior leads, with an initial diagnosis of acute myocardial infarction or myocarditis. One day later, she underwent coronary angiography that showed a severe lesion and intraluminal filling defect suggesting Type 1 P-SCAD in the left main coronary artery (LM). The patient was kept on medical therapy and underwent an uneventful caesarean delivery 3 days after the event. Transthoracic echocardiography documented a left ventricular ejection fraction of 45%, apical akinesia, and anterior hypokinesis. On Day 7 of hospitalization, she experienced pulmonary oedema and cardiogenic shock and underwent a second emergency coronary angiography, which showed worsening of the initial angiogram by detecting propagation of dissection in the LM and left anterior descending coronary artery (LAD) as well as suboptimal flow. Percutaneous coronary intervention (PCI) with implantation of bare metal stents (BMS) was successful; however, she remained in unresponsive cardiogenic shock despite high doses of vasoactive drugs. She died on Day 15 of hospitalization.
Six patients (46.1%) presented with ST-segment elevation myocardial infarction (STEMI), six patients (46.1%) presented with non-STEMI, and one patient (7.8%) presented with unstable angina. Cardiogenic shock was the initial presentation in four postpartum patients.
In one case, P-SCAD compromised the LM, LAD, and the ramus branch, and the patient underwent PCI with BMS implantation using an intra-aortic balloon with a favourable outcome (Case 6).
In another patient presenting with non-STEMI, symptoms progressed to acute respiratory insufficiency that required intubation and mechanical ventilation. The patient developed haemodynamic instability with cardiogenic shock that required high doses of vasoactive drugs; 2 days later, she underwent successful resuscitation after pulseless electrical activity. Transthoracic echocardiography documented a left ventricular ejection fraction of 33%, diffuse global hypokinesis, and a systolic pulmonary artery pressure of 55 mmHg. Vasoactive drugs were gradually discontinued, and the patient was extubated on day 11 (Case 8, Figure 1 ). Coronary computed tomography angiography showed extensive wall thickening in the LM and LAD as well as an intimal flap in the distal right coronary artery. Coronary angiography demonstrated extensive lumen narrowing in the LM extending to the proximal and mid LAD. In the distal right coronary artery, there was an intraluminal filling defect compatible with type 1 dissection and a double lumen. Optical coherence tomography (OCT) also showed intramural haematoma along with dissection in these vessels. The patient was discharged after clinical management.
Number of vessels diseased, adjunctive imaging, and type of treatment the left circumflex and obtuse marginal were involved in 1 case, the isolated obtuse marginal was involved in 1 case, and isolated RCA dissection was found in 1 case. Eight patients had double-vessel dissection, and one postpartum woman had three-vessel dissection. Of note, the left coronary artery was involved in 92.3% (12/13) of cases, with LM segment dissection in almost half of the patients (6 cases) ( Table 1) . Diagnosis was possible by coronary angiography alone for most of the cases (61.5%). There were 31 lesions (2.4 lesions per patient); 42% were classified as Type 1 and 58% as Type 2. No lesions were classified as Type 3. Baseline thrombolysis in myocardial infarction (TIMI) flow 3 was observed in 25 (80.6%) vessels, TIMI flow 2 in 3 (9.7%) vessels, and TIMI flow 0 in 3 (9.7%) vessels. Mean dissection length by quantitative coronary angiography (TIMI flow 2 and 3 cases) was 40 + 31 mm. Adjunctive intravascular imaging was performed in six (46%) patients; both CCTA and OCT were performed in one patient (Figure 1) , both CCTA and intravascular ultrasound (IVUS) were performed in one case (Figure 2) , and IVUS alone was performed in four cases (Figure 3) .
Regarding the initial management approach, conservative treatment was given in seven (53.8%) patients, followed by PCI with stent implantation in four (30.7%; primary stent implantation in three patients and angioplasty alone in one patient), fibrinolytic therapy in one case (followed by staged PCI with stenting 2 days later), and coronary artery bypass grafting in one patient with LM and diffuse LAD disease (Case 10, Figure 3) .
As described above, one patient died during hospitalization due to refractory cardiogenic shock; her child is alive and healthy. The remaining 12 patients were discharged and remained asymptomatic at a median follow-up of 14 months (minimum 1 month to maximum 60 months).
Discussion
The present study represents the largest case series of P-SCAD thus far. SCAD during pregnancy and the puerperal period is of particular interest since it affects young women of reproductive age who have few if any risk factors for atherosclerotic disease.
Although being in the peripartum period is a risk factor for P-SCAD, this condition remains underdiagnosed because most doctors do not include it in the differential diagnosis for chest pain or even myocardial infarction in postpartum women. In a recent online survey by Medscape.com (http://www.medscape.com/viewarticle/ 824984), cardiologists were shown clinical pictures of a 35-year-old patient with chest pain 3 weeks after giving birth and echocardiogram findings indicating segmental changes in the left ventricle. The majority of respondents advocated erroneously with a first probable cause of puerperal cardiomyopathy (51%), followed by SCAD (18%), pulmonary embolism (13%), aortic dissection (10%), and a non-cardiac cause of the chest pain (9%).
Compared with earlier reports, SCAD is more prevalent than previously believed, 1, 4, 22 and it is the most common cause of pregnancy-associated myocardial infarction. 7 Changes in the last trimester of pregnancy and the puerperal period are possible pathophysiological mechanisms. With increased levels of serum progesterone and estrogen, the synthesis of collagen is impaired with loss of normal structure of the elastic fibres in the media layer of the artery, as well as coagulation changes resulting in a prothrombotic state. 8 Estrogen has also been shown to enhance release of matrix metalloproteinase, 23 which can lead to cystic medial necrosis and a lack of structural support of the vasa vasorum in the media -adventitia border. A weakened vasa vasorum may rupture as a result of the increased haemodynamic stress of pregnancy or labour, leading to an intramural haematoma or intimal disruption. 7 Notably, pregnancy physiologic changes may take up to 6 months to return to the non-pregnancy state. 2, 8 Other precipitating factors have been described to be associated with P-SCAD including inflammatory conditions, connective tissue disorders, fibromuscular dysplasia, and breastfeeding. 8, 9, 20 The presence of extracoronary vascular abnormalities in patients with non-pregnancy-related SCAD (non-P-SCAD), especially fibromuscular dysplasia, is significant with rates of 25 -86%. 2 -4 Its prevalence in P-SCAD is unknown since vascular abnormalities have only been investigated more recently. 20, 24 In the present study, only one case of breastfeeding could be potentially linked to P-SCAD. In another case, the haemodynamic effects of labour might have worsened a previous P-SCAD in a patient in the 37th week of pregnancy (Case 3).
There are few case series of SCAD in the literature, and the most relevant studies are anecdotal cases grouped together over several years. 8, 9, 15, 19, 20 Sheikh and O'Sullivan 8 reported two cases of P-SCAD along with a comprehensive review of literature of 118 patients from 1952 to 2010; similar to our study, the mean presenting age was 33 years old, and most (77%) of the peripartum cases occurred during the puerperal period (2 days to 90 days) or the last trimester of gestation. Appleby et al. 9 described a single-centre experience of 5 SCAD cases and a review of 25 cases in the literature between 1999 and 2008. Studies from the 1980s reported that the initial manifestation of P-SCAD was sudden death in 28% of cases and found an in-hospital mortality rate up to 50%. 25 Compared with earlier reports, the prognosis seems to be improved with early diagnosis and contemporary medical and interventional treatment. Ito et al. 19 described 23 cases of SCAD, of which 7 occurred in the puerperal period and all survived hospitalization. Vijayaraghavan et al. 20 described three cases of P-SCAD, all of which occurred between 9 and 10 days after delivery with no in-hospital mortality. Nevertheless, P-SCAD seems to have worse outcomes than in the non-P-SCAD period. 19 Multivessel involvement in a large proportion of the present cases and in previous studies 9,26 supports generalized rather than localized vessel wall changes during pregnancy. Furthermore, patients with P-SCAD also have a tendency for proximal coronary involvement (including the LM and LAD), multivessel dissections, and worse left ventricular ejection fraction compared with patients with non-P-SCAD. 19, 25 The right coronary flow is more uniform during the cardiac cycle compared with the left, which experiences a remarkable systolic decline accompanied by a significant diastolic increment, leading to a significant rise in both oscillatory shear stress and wall stress. In addition, because of a higher number of branches and 3D geometry, the left coronary artery is subjected to increased torsion force during cardiac cycle compared with the right coronary artery. 27 Consensus is lacking regarding the optimal treatment for the acute phase of SCAD. Some investigators 28 have reported a predilection to coronary stenting in technically favourable dissections, while others 7 -9,20 advocate conservative treatment in clinically stable patients with no ongoing ischaemia. In fact, stent implantation may even worsen the dissection and ischaemia during its acute phase, 16 and spontaneous arterial healing may be compromised in the long term, leading to stent malapposition and thrombosis. 2, 3 We also agree, as seen in our series, that in stable patients with proper coronary flow, conservative therapy should be preferred especially because the vast majority of dissected segments heal spontaneously over time. PCI and coronary artery bypass grafting should be reserved for cases of haemodynamic instability, refractory ischaemia, and when a large area of the myocardium is involved. Importantly, a multidisciplinary approach is needed that requires the collaboration of a clinical cardiologist, interventional cardiologist, and obstetrician/gynaecologist for decision-making. In the majority of our patients, the presence of SCAD was documented by angiography alone, whereas in five other cases intravascular imaging (IVUS or OCT) was used for the final diagnosis. SCAD due to intramural haematoma without intimal tear (Type 2 and Type 3) may be misdiagnosed on invasive angiography; 29 adjunctive IVUS or OCT is useful to confirm SCAD in these non-pathognomonic cases 20, 30 as well as for PCI guidance including stent sizing, dissection length evaluation, and wire true lumen positioning. No prospective study has appropriately evaluated the clinical treatment of P-SCAD. Nevertheless, based on prior studies in patients with acute coronary syndromes, the medications include aspirin, heparin, b-blockers, and nitrates. Glycoprotein IIb/IIIa inhibitors and fibrinolytic agents are contraindicated because of the potential propagation of intramural haematoma.
Conclusion
In conclusion, P-SCAD is a cause of myocardial infarction in the peripartum period that should be considered in the diagnosis of chest pain in young women without risk factors for atherosclerosis, with potentially lethal outcomes for the mother and child. In these 13 cases of P-SCAD, the majority of cases occurred within 30 days after childbirth and clinical presentation and coronary anatomy commonly included acute myocardial infarction, cardiogenic shock, multivessel dissections, the left coronary artery, and the left main involvement.
